The relationship between the expression of surface antigenicity of inactivated Brucella and the immunostimulant properties on the sheep erythrocyte response was studied in mice. The agglutinogenic Brucella abortus B19S preparation was compared to two non-agglutinogenic preparations (B19R and PB), using the plaque-forming and rosette-forming cell tests. When Brucella and antigen were injected together, only non-agglutinogenic preparations, even used at low doses, were able to increase the plaque-forming and rosette-forming cell responses measured 4 days after immunization. When the interval between the previous injection of non-agglutinogenic preparations and that of the antigen increased or when they were injected 24 h after the antigen, the modification of those two responses was no longer observed. After day 4, for the simultaneous injection of Brucella and antigen, B19S and PB preparations induced the best responses; this effect was dose dependent. Thus, in the present experimental situation, the modifications of the day 4 response appeared independent of those of the ensuing days.
The ability of inactivated Brucella abortus vaccine to increase non-specifically the titer of antibodies to Salmonella in the rabbit has been stressed by Ramon et al. (18) . More recently, their role in affecting the development of bacterial or viral infections and of various tumors has been investigated (1, 10, 16, 17) .
However, earlier study of the modifications induced by inactivated B. abortus (strain B19S) on the response to sheep erythrocytes (SRBC) showed that the number of plaque-forming cells (PFC) per spleen on day 4 after immunization was, if anything, depressed by the simultaneous or previous injection of Brucella. Stimulation did occur, however, if the time between injection of Brucella and injection of SRBC was increased to 40 days (21). The finding that an injection of anti-Brucella serum given before injecting the B19S caused a partial reversal of the effect (20) led to the hypothesis that some antagonism might exist between the antigenicity of B. abortus and its immuno-potentiating activity. To test this hypothesis, we chose to compare the modulating effects of agglutinogenic and non-agglutinogenic strains of inactivated Brucella on the immune response to SRBC.
MATERIALS AND METHODS
Animals. Female mice F2(C57Bl6xDBA2) (6 to 7 weeks old) from the Centre de Selection du Centre National de la Recherche Scientifique (Orleans) were used for this study. 6 Antigens. SRBC were obtained once a week from one sheep, collected in Alsever solution, and washed three times in saline before use.
Bacterial preparations. The following preparations were used: (i) the fully antigenic vaccinal strain B19S of B. abortus, which provokes the formation of agglutinins; (ii) the B19R rough mutant, selected from B19S in the laboratory; and (iii) the PB preparation, corresponding to the Pilet-Bonneau vaccine, which is a non-agglutinogenic immune complex (15) .
Brucella organisms were grown on Albimi agar, harvested after 48 h, washed twice in phosphatebuffered saline, and then inactivated by heat for 1 h at 650C.
The PB preparation was prepared by neutralizing agglutinogenic sites of inactivated B19S with a specific immune serum prepared in cows.
B19R and PB preparations do not induce agglutinins in mice (or rabbits). The bacterial preparations were injected intravenously at various intervals before, at the same time as, or 1 day after immunization. A dose of 500 gg (dry weight) was used except when stated otherwise.
PFC. The number of plaque-forming cells (PFC) in the spleen was determined after intravenous injection of 2.5 x 108 SRBC. The Jerne and Nordin method (6) for direct PFC and the Dresser and Wortis method (4) for indirect PFC The B19R and PB groups were both signifi- As mentioned above, only the non-agglutinogenic preparation modified the RFC response on day 4, but both the B19S and B19R preparations increased this response 7 and 11 days after injection with SRBC ( Table 5) .
The effect of a minute dose (50 ,ug) of the Brucella preparations on the direct PFC response also was studied (Table 6 ). For the day 4 response, the B19R preparation was still stimulatory at 50 Ag, giving an adjuvant index of the same order as with 500 ,ug; the adjuvant index was larger with the 50-,ug dose than with the 500-/Ag dose in the B19S group. The prolongation effect, on the other hand, tended to increase with the dose.
Response to SKBC when inactivated Brucella were injected after antigen. Non-agglutinogenic preparations injected 24 h after SRBC no longer affected the day 4 response (direct PFC), but an increase in the later response (day 7) was observed with both kinds of preparations (Table 7) .
DISCUSSION
The day 4 potentiation of the PFC and RFC responses was only recorded with non-agglutinogenic Brucella preparations. It was maximum when Brucella and SRBC were injected at the same time and decreased quickly when the time interval between the two injections increased. aValues refer to the number of PFC per 106 spleen cells ± SE and to the adjuvant index (in parentheses).
b Significantly different from control groups.
The inoculation of the Brucella organisms provoked an augmentation of the number of spleen cells which was much more prolonged with B19S than with the other preparations. Recently, Nowotny et al. (14) were able to induce the production of colony-stimulating factor and to protect animals against irradiation damage using the polysaccharide fraction of the lipopolysaccharide (LPS) of Salmonella minnesota. So, the presence of a fully expressed S surface antigen, which is supposed to be a polysaccharide, seemed necessary for this long-term effect of Brucella. 
